Indonesia is exceptionally vulnerable to the negative impacts of climate change. Anticipating this, the Indonesian government has taken several actions such as developing a National Action Plan (RAN-GRK) in 2011 to reduce emissions as well as publishing a National Action Plan for Climate Change Adaptation (RAN-API) in 2014. Despite these actions, the long-term implications of those polices for food security are not yet clear. On the other hand, Indonesia has great potential food namely sago palm. Sago palm could be an alternative crop because its production is not significantly influenced by climate. A SWOT analysis is used to examine the sago palm situation which we intend to recommend to the Indonesian government to promote sago as an alternative to adapt to climate change. The results show that the sago palm national program makes up only 0.05% of the total state budget (ABPN) during 2012-2014, a relatively small amount compared with other annual crops as well as a shifting of sago socio-culture due to the local food politics. Indeed, although sago palm has been recognized since the 1970s, its development has stalled and a comprehensive strategy involving sago palm in the long-term in relation to climate change adaptation is still lacking.
Introduction
Climate change has emerged as one of the most important current global issues. The rising of greenhouse gas emissions [1] threatens every country by influencing aspects of livelihood, health, ecosystem, food security and water [2] , [3] . Indonesia is the third largest emitter of greenhouse gasses in the world with a total of 3,014 MtCO2e after the United States and China [4] , [5] , [6] . Therefore, the Indonesian government has committed to mitigate and adapt to climate change through developing a National Action Plan to Reduce Greenhouse Gas Emissions (RAN-GRK) in 2011 which will bring down national emission levels by 26% by 2020 as business as usual and 41% with International assistance [7] , [8] . In 2014, the government published a National Action Plan for Climate Change Adaptation (RAN-API) in 2014 that focuses on economic resilience (including food and energy security), living system resilience (consisting of public health, housing and settlement, and infrastructure), ecosystem resilience, specific region resilience (coastal and small islands, and urban systems) and supporting system resilience [9] . Climate change is also affecting the agriculture sector and leading to endangering food production. An increase of the local temperature by 2°C is projected to negatively impact yields of major crops such as wheat, rice, and maize [10] . In Indonesia, rice is the main staple food, however, recent studies have shown that a month's delay in the onset of the wet season due to climate change can decrease rice production by as much as 65% in both West and Central Java [11] . In Bali, rice paddy production has been decreased by 20% in the last 20 years due to climate change [12] . In addition to droughts attributed to the El Nino effect which has contributed to a reduction in the areas of paddy and maize cultivation [13] , thereby decreasing food production. A majority of crops experienced peak production in 2006 and have been in a downward trend every year since [14] . Therefore, alternative crops more tolerate of variable climate change are necessary to ensure viable food and human security.
Sago palm is a potentially beneficial alternative crop because its production is not significantly influenced by climate [15] . It can play an important role in promoting food security because it contains carbohydrates in a higher proportion than rice; 84.7 per 100 mg for sago palm compared to 80.0 per 100 mg for rice [16] . It also produces four times more starch as rice (100-200 kilograms per palm), which is enough to feed a family for one month [17] . Sago palm is already a staple food in some area such as in West Sumatera and the Eastern part of Indonesia [18] . Therefore, sago palm could contribute to Indonesia's food security, particularly when agriculture comes under increasing pressure from changing climate patterns. Sago palm is also excellent for greenbelt vegetation because it acts as an effective sink for carbon sequestration which mitigates climate change [19] . In addition to being tolerant of tropical acidic soil, preventing soil erosion via a root system which can trap silt, it also has the ability to endure intense isolation, typhoon winds, drought, and prolonged flooding [20] . A case study conducted in the Philippines showed that sago palm experienced limited damage, only 12% from the Haiyan typhoon in 2013 [21] . Compared with paddy fields, sago palm is environmentally friendly because it conserves soil and water, acts as a buffer zone for flood and sea water intrusion, and has the capability of self-regeneration [22] . Due to these advantages, sago palm has been planted in buffer zones as a greenbelt method of rehabilitating degraded lands [23] . In intertidal areas, it could also be planted in proximity to mangrove and nipa palm to protect against coastal erosion. A research project on sago palm in the Philippines, which established a 10-kilometres buffer zone or Eco-belt by the Agusan River showed that capacity building and sago eco-belt construction could support the livelihood of local people and increase the adaptive capacity of the local community [24] . Sarawak, Malaysia, in recognition of the environmental benefits of sago palm such as flood resistance, carbon sequestration, as well as being a crop that requires zero fertilizer, are promoting it as the region's next golden crop [25] .
This research presents an overview of the current state of the sago palm in Indonesian as well as demonstrating its value in the broader context of climate change. Even though many researchers worked on the physiology and utilization of sago, very few researchers studied about the possibility of sago palm to foster climate change adaptation. Furthermore, there is no comprehensive study to include or promote sago palm in proper national long-term action plans, which is studied exclusively in this paper. Diet-based research of sago is also relatively limited compared with rice, maize and cassava, yet it has a great opportunity to be developed. These assumptions emphasize our claims that this research makes an important contribution to wider literature and raise government and community level awareness of the value of sago palm. In the first section, we have defined the problems, outlined the guiding principles and summarized our findings. The second section details the data collection and the analytical methodology. The third section examines the results and discusses our analysis and finally in the fourth section, we conclude our research with reflection and a call for future research. This research does not evaluate sago palm development at the local level but advocates future comparative research examining the utility of sago palm and promotion at a central and local level in anticipation of an increasingly challenging environment.
Methodology
This research was conducted during June 2015 in Jakarta, Indonesia. In order to complete a thorough examination and analysis, including climate change and sago policies from all concerned stakeholders, including the Ministry of Agriculture (MoA), the Ministry of Environment and Forestry (MoEF), the Ministry of National Development Planning (BAPPENAS), the Indonesia Climate Change Trust Fund (ICCTF) and UNDP were evaluated by applying a SWOT analysis framework. The SWOT analysis framework was originally developed for business, marketing and management [26] , [27] . It is a strategic planning tool to identify internal factors (strengths and weakness) and external factors (opportunities and threats). These four elements are assessed and investigated to enhance the points of strengths, solve the points of weakness, take profit from opportunities and prepare for the threats [28] . The analysis is then developed based on the facts through a semi-structured interview in each institution to obtain the challenges and strategies that will promote sago for climate change adaptation at a national level. All these interviews were taped separately and the key points recorded in handwritten notes for an accuracy of conversation. In addition, the policy database from FAOLEX and the legal documents from each ministry, including secondary data were reviewed and analyzed to support and cross-validate information collected from interviews and discussions.
Results and discussion

The current status of sago palm at the national level
Sago palm is a native Indonesian plant covering a total area around 107.906 hectares with a total production of 155.061 tons [29] (Figure 1 ). The three major areas of sago palm cultivation are Riau, Papua and Sulawesi (Figure 2) . However, the national production is only 10%, far below the national sago cultivation potential of 1.128 million hectares [30] , [31] . If production was maximized, it could potentially feed approximately 300 million people in the world [32] . While many parts of the world are faced with serious food security challenges, Indonesia has a great potential food supply that can be developed as the basis for food security in a long-term food security [33] .
Based on the World Development Indicators database from the World Bank, the Total Gross Domestic Product (GDP) in Indonesia was worth 888.538 billion US dollars in 2014 [34] and sago exports only created 1.96 thousand US dollars in 2013 [29] (Figure 3) . From 2011 to 2012, there was a significant reduction of sago exports, dropping to 75.7%. An increase of 93.8% in exports occurred in 2013, but this value was far below other crops such as palm oil (17.67 billion US dollars), rubber (6.90 billion US dollars), coffee (1.17 billion US dollars) and cacao (1.51 billion US dollars) [35] . Despite recognition of sago palm as a valuable resource for food and industry since the 1970s, the development remains flat [36] . On the other hand, more than 45 sago-based food products that are found in 21 of 33 provinces in Indonesia [37] have been consumed in their variant forms such as sticky mush, roasted sago, noodles, and snacks. These sago-based food industries have occurred naturally without an integrated comprehensive system. The experiences of local people in consuming sago have proven that sago has a much wider utilization and a great potential to be developed.
The sago palm national program is relatively small compared with other annual crops (i.e. palm oil, rubber, and coffee) and also food crops (i.e. rice and corn). From 2012-2014, the sago palm budget was only 0.05% of the total state budget (ABPN) of the Ministry of Agriculture. The majority of sago palm programs are conducted by the Ministry of Agriculture under the National Food Security Agency and the Directorate of Perennial Crops ( Table 1 ).
The National Food Security Agency has been supporting sago palm as a part of a local food diversification program (MP3L) since 2012 with a total amount of IDR 5.6 billion (420 thousand US dollars) from the APBN budget in nine provinces namely Aceh, Riau, Riau Islands, North Sulawesi, Southeast Sulawesi, South Sulawesi, Maluku and Papua. The program supports sago palm processing training such as refining sago, sago noodles, instant papeda, sago macaroni and analog rice from sago. In addition, the Directorate of Perennial crops has been implementing sago cultivation in Papua and West Papua since 2013 with the total amount of IDR being 31.8 billion (2.38 million US dollars) from the APBN. Their activities included sago palm expansion, sago palm management, sago palm processing and capacity building for farmers and local facilitators. In fact, regardless of numerous advantages, sago is still not treated as a priority crop to develop in supporting economic and food security at the national level. 
Food politic: A shifting of sago social culture
Sago has been recognized as one of the oldest plants consumed by human beings [38] . It has been used not only for food but also for fertility rituals since ancient times. Sago has been identified by the concept of a symbolic connection between the germination of plants and the generation of humans as well as its role in producing life and growth [39] . In Indonesia, the Waropen people of Irian Jaya make sacrifices of sago mush and sago cakes modelled in the shape of a mythical snake, the moon and other figures for 'life crisis' rites for children [40] and in the western area of Jayapura, especially among the Tor river valley people, sago has the highest position in social and religious context [41] . In another area, Ambon, sago is used as a special food for infants in the exclusive ritual as their first food [40] meanwhile in Toraja, South Sulawesi, people prepare small offerings of sago on the path leading to sago washing place to divert evil influences from the work [39] , [42] . The people of the Meranti Islands of Riau Province promote sago as a part of their cultural heritage through the 'tual sagu' (sago tree trunks) running contest. The origin of the contest is based on the ancient tradition passed down from their ancestors. The contest has its challengers count the tual sagu before they are transferred into sago processing [43] . These activities underlie the foundation of sago culture at the local area, which has been inherited from people's ancestors, yet, its continuity is still questionable.
Sago also has a very long historical record as a food in Indonesia. It has been consumed as a traditional staple food since ancient times. It was first mentioned in the 13th century by Marco Polo as one of the typical foods in western Sumatera [44] and later it was again described after three centuries along with millet and rice as a common food in Sumatera [45] . Wallace also mentioned that sago was one of small tributes for Sultan of Tidore during the 18th century [46] , proved sago was an important commodity in the past. However, nowadays, sago has been replaced with the cultivation of rice and other crops. The shifting of social culture aspects of sago are particularly influenced by political power. This occurs because food is a vehicle for provoking change in policy areas based on political economy and interest groups [47] . The domination of Javanese political power in the Indonesian centralization system emphasized rice policy as part of national food security. Java was well documented as being the primary rice producer; 61.1% in 1955, 57.8% in 1960 and 55.3% in 1970 [48] . The government has since developed an agricultural revolution since the 1960s in order to achieve rice production targets and food-sufficiency by 1984 [49] , [50] . Then, in the 1990s, the rice policy was integrated as part of the national transmigration program. In this era, sago gradually acquired a negative image. Due to the national transmigration program, the government provided agricultural land to the people outside Java, however, the lands were not ready to be cultivated so people consumed sago to survive. However, this inadvertently created the impression that sago was a food type of the poor [51] . Furthermore, there was the introduction of a poverty measurement system based on a rice consumption model into the national census, which classified people who consume less than 240 kilograms a year of rice as very poor [52] which pointed out that eating rice was a status symbol, while sago was associated with poverty. In the 2000s, rice policy continued through the "rice for the poor/RASKIN" policy with subsidies from the government which provided low price for rice in the rural areas [53] and `paddy pledge program` in 2015. In addition, the changing social aspects of sago as an edible food source is also related to the behavior and public perception of rice. The rice policies of the past caused a great deal of change in Indonesian food habits. The Food Security Agency pointed out that the pattern of staple food consumption of rice increased from 53.3% in 1945 to 88.1% in 1999 and slightly decreased to 78.04% by 2010 [37] . The high dependency of rice as the main staple food has weakened or even lost the conditions of pluralism in food habits and pluralism in food diversification [54] . In Central Java, for example, the failure of the food diversification program was due to the public's dependence on rice as a cultural barrier [55] . Indeed, we can argue that the lack of support for sago is due to rice biased policy and a lack of appropriate local-based-food policy at the national level.
Linking sago with Indonesian policy
The impacts of climate change manifest in the form of natural hazards, such as extreme weather, floods, and droughts which weaken every country's effort to reduce poverty. Based on research, by 2020, the temperature in Indonesia is estimated to increase by 0.36-0.47°C compare to the year 2000 [56] . Furthermore, the rising of SST (Sea surface Temperature) will lead to an increase of extreme weather events. According to research results on Atlantic hurricanes, an increase of SST by 0.5 2°C is correlated with an increase of hurricanes by as much as 40% [57] . Based on data from the Simple Ocean Data Assimilation/SODA, Indonesia's sea level will rise about 0.8 mm per year and rainfall has increased to 1.6 mm per year since 1960 and then 7 mm per year from 1993 [8] (Figure 4 ). Indonesia will also experience more intense rainfall, about 2%-3% than the average annual amount in three centuries [4] . According to future projections in 2100, many of the largest cities in Indonesia such as Jakarta, Semarang and Surabaya are expected to suffer from flooding and inundation from sea level rise ( Figure 5 ) and in 2020-2030, extremely high risk of water shortage will occur in several areas such as Java Island, Bali, Sumatera, Nusa Tenggara Barat and South Sulawesi [55] (Figure 6 ). The distributions of temperature and rainfall during the year are key factors in making decisions regarding what crops to grow, but those will alter due to climate change. It will affect evaporation, precipitation, and water and therefore affect agriculture and food security. Indeed, science is not powerful enough to change natural processes because of climate change, yet it can attempt to mitigate the hazards. Being prepared can only minimize the consequences and impacts of the hazard [58] through climate change adaptation.
According to historical analysis of policy framework adapted from Schmidt [59] , the Indonesian government (Table 2) . Therefore, promoting sago palm as a strategy to adapt to climate change appears to be a good option for the purpose of food security, despite there being no specific sago development policy aimed at cultivating and managing it into a main food resource and industry. Sago palm is specifically mentioned only in two regulations; Ministerial Regulation P. 19 In the last two decades, Indonesia has played actively at various national and international negotiations on climate change especially in the policy level but adaptation is still one of the biggest challenges in the level of implementation. The Indonesian RAN-GRK and RAN-API was created in compliance with international commitments acquired under the United Nations Framework Convention on Climate Change (UNFCCC). Particularly, it requires an advanced framework on the instruments which facilitate the national processes of climate change mitigation and adaptation. The overall objectives of those national actions are to reduce the country's vulnerability to climate change including social and economic aspects and to strengthen the strategies and measures for adaptation and mitigation, particularly in the most climate change prone regions. However, the implementation of a national action plan document is still unclear because it is only a framework, there is no solid commitment from all ministries although it has been marked into the Indonesian National Mediumterm Development Plan (RPJMN) of 2015-2019 through Presidential Decree 2/2015.
In 2004, Indonesia published a new policy on decentralization through Law 32/2004 . This policy created the legal frame conditions for people's participation in the management of natural resources [60] . The transfer of responsibility and authority over natural resources from central government to the local level aims to address institutional problems [61] . Therefore, the local government has authority to identify local food potency and strengthen their food security. Nevertheless, climate change is still a new issue so the lack of awareness can be a large negative factor. Without knowledge of the climate change issue, the policy cannot be perfectly implemented at the local level. Minimum interest in local food adaptation approaches (i.e. sago palm), that can create climate-resilient agricultural may contribute to national insecurity. In addition, the difficulty in coordinating institutions and interested stakeholders also pose other challenges in fulfilling an integrated climate change adaptation towards a sago development program. 
Ministry of Forestry
Strategy to explore non-timber forest products such as rattan, sago, and nipa Lack of policy clarity and lack of reliable political will : There is no significant action related to sago palm as a non-timber forest product 
Presidential
SWOT analysis
Based on the conducted analysis of sago development at the national level, the following matrix (Table 3) summarizes the SWOT analysis in Indonesia. Sago palm historically has comparative advantages over other crops such as palm oil and rubber. As an Indonesian native plant, sago palm has been used as food sources for centuries. In some part of Indonesia, sago food culture is vital for society and passed down from generation to generation. Furthermore, the utilization of sago is not only from its starch, but also from parts such as the stem bark, leaf, and starch waste. The stem bark can be used in construction for making traditional house walls and traditional floors, the leaves can be used for making traditional roofs, and the waste can be used for making animal feed and organic fertilizer. Sago palm is also a source of income and "saving" for farmers because it can be harvested anytime without any significant loss in starch content [62] , [63] . The consumption of sago products is also increasing, as an example in South Sulawesi, the popularity of sago food in restaurants has increased with an average of growth of 28.7% during the last 14 years [64] , [50] . Sago has become an important raw material for the food industry and it is predicted that demand for sago in the future will increase.
Despite its strengths there are several weakness and threats have prevented sago palm from reaching its full potential. The growth of sago palm is very slow (8-10 years) longer than other crops so the massive exploitation without rejuvenation/re-planting will lead to loss of resource in the future. In addition, competition among other crops and minimum support from the government become particularly problematic when attempting to promote sago. As an internal factor, traditional farming approaches and a lack of knowledge negatively affect farmers to produce inferior quality starch. Therefore, sago palm management and capacity building are necessary because most of the sago land areas in Indonesia are categorized as sago palm forest which is growing natural without any intensive external technology inputs. Creating a sago industry for export could be an alternative, but it should be noted that international market demand is vulnerable now due to economic crisis. Based on the SWOT analysis, the government already showed a willingness to support sago especially the Ministry of Agriculture. However, the role of the government is not simply to act as a regulator but also should be actively integrating climate change adaptation frameworks and promoting a sustainable system to develop sago in the future. With its vast and abundant fertile soils, massive local market opportunity and healthy lifestyle, Indonesia can be a major global key producer for sago production and provide future food security for the world. An overlay between land suitability and land use maps of 2000−2004 period revealed there are substantial land areas of about 15.30 million hectares for perennial crops [50] that can be used to increase sago palm cultivation. Maintaining and improving quality and food safety which includes added value to sagobased products are important in order to promote sago palm. Promoting can also be implemented through climate change adaptation programs. The climate change budget allocation in Indonesia for 2010-2014 reached IDR 165.9 trillion (12.47 billion US dollars) with a total of 38.4% for adaptation climate change activities [65] (Table 4 [66] . This is a great opportunity to develop sago as a strategy to adapt to climate change through sago replanting, diversification of sago products and sago industry based on a small scale.
It is clear that there is a massive opportunity to reorient the national food development into one of sago based food diversification. However, as a developing country, Indonesia also needs to face poverty, food insecurity and climate change. These are major challenges for decision makers, especially at the local level. The poor continue to be significantly constrained when determining their vulnerability to food insecurity. This study discovered that policy at the national level has been implemented and engaged with local governments. The central government authorizes legal instrumentation designed to integrate national policy into local action to strengthening their own adaptation. Yet, the government still needs a strong commitment to revitalizing a food program aligned with a well-defined and developed sago food industry. Changing the dietary behavior and mindset of the people also plays an important role in the reduction of rice dependency. Moreover, as part of a decentralization policy, a number of new food security policies need to be analyzed and mapped including their movements to reflect new developments in the overall food security situation.
To sum up the above challenges, the Indonesian government through the concerned ministries and public institutions should be committed to a national climate change plan which includes clear targets to secure food supply based on local potency. The most important actions could be grouped into main clusters as follows: (a) capacity building and strengthening of public institution in climate change issues, (b) engaging local government and rural communities as a key foundation to conserve sago palm, (c) develop training and awareness programs to preserve and improve the nutritional quality and contribute to the population`s food security based on local resources and (c) promoting through incentives and financial resources to support sago development.
Conclusion
Indonesia is facing major challenges in trying to meet growing population and food demands. Our analysis showed that sago palm has a great potential for development, but it has not yet been chosen as a priority crop. We recognized that the government made several actions that are significantly important when facing the dangers that are triggered by climate change, but there is still a lack of policy or clarity, reliable political will at the local level and difficulty in coordinating institutions and interested stakeholders. The role of the government is not to simply act as a regulator but also to be actively integrated sago palm into a climate change adaptation framework as well as promoting it as a sustainable crop. Furthermore, the government has a significant responsibility in changing the perception of sago by the population of Indonesia and to promote sago cultivation by allocating subsidies and finance institutions to support the sago program of food security as well as ecosystem-based programs. Nevertheless, the introduction and promotion of sago should be performed extensively by using all media networks and campaigns in the mass media, including the preservation of local sago food culture in several areas. In addition, an effective governance is needed to implement policies which promote food availability, household food access and individual food utilization based on local resources.
For climate change policy researchers, our work will allow further studies to compare national and local level policies on food security and potential sago development program details and the discussion of adaptation actions in several other countries. Understanding the role and interplay between them can help bring greater insight and clarity as to why the government chooses to adapt sago as a primary crop or not. In particular, more attention should be given to the potency of local food cultures that survive in Indonesian society so it can advance food security at the local level.
